Thymus and bone marrow cells showed little if any change in surface morphology until late in the infectious process. However, even at that time only a few of the cells were abnormal in appearance. The changes in cell population in the spleen but not the lymph nodes paralleled the rapid decrease in the percentage of cells which stained positive for surface immunoglobulin and theta antigen. Furthermore, FLV antigen rapidly appeared on spleen cells after infection; fewer lymph node cells were positive, and only low numbers of marrow and thymus cells stained positive for FLV antigen. The marked immunosuppression induced by FLV infection paralleled and in some instances preceded the marked morphological changes.
showing many distinct morphological charges, including surface "holes" and a "spongy" appearance. By days 25 to 35 after infection, most splenocytes were abnormal in appearance. Similar changes occurred in the lymph nodes after FLV infection, but the rate of change was much lower. Abnormal and larger smoothsurfaced cells did not become prominent until after week 2 or 3 of infection. Thymus and bone marrow cells showed little if any change in surface morphology until late in the infectious process. However, even at that time only a few of the cells were abnormal in appearance. The changes in cell population in the spleen but not the lymph nodes paralleled the rapid decrease in the percentage of cells which stained positive for surface immunoglobulin and theta antigen. Furthermore, FLV antigen rapidly appeared on spleen cells after infection; fewer lymph node cells were positive, and only low numbers of marrow and thymus cells stained positive for FLV antigen. The marked immunosuppression induced by FLV infection paralleled and in some instances preceded the marked morphological changes.
The malignant transformation of normal cells by leukemia viruses, both in vivo and in vitro, is the subject of much current interest. After infection of an experimental animal with an oncornavirus such as Friend leukema virus (FLV), rapid alterations of lymphoid cell populations become evident (11) (12) (13) . For example, within 1 to 2 weeks after infection of susceptible strains of mice, splenomegaly occurs, followed by hepatomegaly and blood cell dyscrasia. Concomitant with development of these changes and often preceding them is a marked and generalized immunosuppression characterized by depressed antibody responses to a large variety of antigens, including sheep erythrocytes (SRBC) and bacterial extracts (7, 19, 24) . Cell-mediated immune responses to allografts and bacterial antigens also may be depressed. However, the mechanisms of immunosuppression induced by leukemia virus infection, as well as the mechanism of virus-induced transformation of host cells per se, is still far from clear.
Previous histological and ultrastructural studies by transmission electron microscopy (TEM) revealed rapid change of lymphoid cell populations in the spleens of mice infected with FLV (4, 15, 16) . Those studies also suggsted that immunocyte precursors may be the major target of leukemia virus infection, at least in regard to immunosuppression. For Antibody determination. The numbers of individual antibody plaque-forming cells in the spleens of immunized mice, both controls and FLV-infected, were determined by the standard localized hemolytic plaque assay in agar gel, as described previously (8, 15, 16) . In brief, 0.1-ml samples of a cell suspension were added to 2 ml of melted (42°C) Difco agar (1%) con-VOL. 20, 1978 on October 18, 2017 by guest http://iai.asm.org/ Downloaded from 818 FARBER, SPECTER, AND FRIEDMAN training an 0.1 ml inoculum of a 10% suspension of freshly washed SRBC. The agar-leukocyte-SRBC mixture was poured into the surface of a previously prepared 60-mm-diameter petri plate containing a base layer of solidified agar. The plates were incubated at 370C for 1 h and then treated with 5 ml of a 1:15 dilution of guinea pig complement. After further incubation for 1 h, zones of hemolysis appearing on the surface of the plates were considered to be due to 19S immunoglobulin M hemolytic antibody. Blood was obtained from selected mice in each group by retroorbital venous puncture, and the resulting serum specimens were tested for hemolytic antibody to SRBC by serial twofold dilutions in microtiter plates.
Immunofluorescent studies for surface antigens. The percentate of lymphoid cells with surface immunoglobulin molecules, as well as theta antigen and leukemia virus-associated antigen, was determined by standard fluorescent microscopy exactly as described previously (10, (Fig. 1, Table 1 ). An increasing number of large, smooth-surfaced cells appeared; these were larger than the smooth-surfaced lymphocytes of normal, control spleens. This type of cell increased during the next few days so that by days 5 to 10 after infection they comprised nearly 30% of the splenic lymphocyte population. By days 15 to 20, 45 to 70% of the lymphocytes had a smoother topography and were larger than most lymphocytes present in the spleens of noninfected control mice. Few normal-looking, villous lymphocytes were present. By day 25 after infection, the large smooth-surfaced cells accounted for over 95% of the splenic lymphocytes; only occasional villous cells could be found (Table 1) . Many of the large cells showed "blebs," measuring approximately 100 nm, on the surface. These were first noted on about day 10, and cells bearing these surface modifications increased in number as infections progressed. By day 20, degenerating large cells were also evident, with holes and blebs appearing on the surfaces of the smooth-surfaced-type cells (Fig. 2) . These surface blebs often seemed to coalesce and perhaps to result in cell lysis.
Effect of virus infection on lymph node cells. Lymphocytes from superficial lymph nodes were examined for changes following FLV infection. In contrast to the spleen, where marked alterations in lymphocyte surfaces rapidly occurred within 5 to 10 days, the lymph node cells at this time appeared relatively unchanged (Fig. 3) . Both normal and infected lymph nodes had numerous cells with villous projections, as well as smaller numbers of cells which seemed to be macrophages with ruffled membranes. The number of smooth-surfaced cells, especially those with surface blebs, increased but did not form an appreciable percentage until 35 days postinfection. Even at this late date, normal-appearing villous-covered cells were still evident in large numbers.
Changes in bone marrow and thymus cell populations after FLV infection. Both bone marrow and thymus cell populations showed the fewest changes as a result of FLV infection (Fig.  4 and 5) . Few abnormal large cells with blebs or pores, which characterized the spleens and lymph nodes of FLV-infected mice, were seen in either the bone marrow or thymus preparations during the first 14 to 21 days after infection. Bone marrow cells from noninfected mice were smoother and larger than splenocytes; many of these cells had fewer and shorter villi than the highly villous cells seen in the spleen and nodes. In many respects those normal cells resembled the smoother cells that were seen in FLV-infected spleens. Both cell types seemed to be blast cells, one apparently occurring naturally and the other perhaps as a result of virus infec- (4, 15, 16) . In those studies, a marked alteration of spleen cell morphology occurred. This correlated with impairment of antibody formation by spleen cells, which constitute the major hemolysin-forming cell type after a single intravenous or intraperitoneal injection of SRBC into normal mice. The results of the present investigation with SEM provided further insights regarding the morphological surface alterations of lymphoid cells from the spleen, lymph node, thymus, and bone marrow of mice at varying times after infection with FLV as well as changes in the proportions of lymphoid cells with distinctive cell surface markers, including appearance of virus-associated antigen.
The earlier TEM studies had shown that lymphoid cells rich in ribosomal particles and endoplasmic reticulum became the predominant cell type in the spleen by the end of week 1 after infection (15, 16 (8, 9, 24) . The presence of budding virus from individual immunocytes appears to negate this hypothessis.
SEM has been used to examine FLV-infected cells by deHarven et al. (6) . They demonstrated that a continuous line of FLV-transformed mouse cells were homogenous in appearance, with surface blebs or knobs thought to be budding virus. Similar surface modifications were described for splenocytes from FLV-infected mice in this laboratory (25) (21) . Those authors used a direct fixation procedure in which Ficoll-prepared lymphocytes were fixed with glutaraldehyde before staining and preparation for SEM examination. However, examination of human thymus cells that form direct rosettes with SRBC indicated that rosette-forming cells, though presumably T cells, developed many villi (17) . Similarly, under appropriate cultural conditions with serum-enriched medium, smooth-surfaced cells considered to be T lymphocytes may develop villi previously considered characteristic for B cells (5, 26) . Recently Thurman et al. reported that homozygous nude mice, which were functional as well as histologically athymic, nevertheless had as many smooth-surfaced cells in their spleens as did normal mice (25) . Thus, it seems clear that current SEM criteria cannot be used to distinguish T from B cells.
A major goal of the present SEM study was to characterize the alterations, if any, of lymphoid cell surface morphology and surface antigens after FLV infection and, if possible, to correlate these alterations with development of immunosuppression. Cell suspensions obtained from the spleens, lymph nodes, bone marrow, and thymus of FLV-infected mice were compared with the same cell preparations from normal mice. Marked changes were evident in the spleen, including reduction in the percent of villus-cov-ered lymphocytes. Despite the reports of Polhack et al., it was not clear by SEM examination which, if any, cell class these represent. It seems unlikely that these cells are T lymphocytes, since immunofluorescent studies with anti-theta sera showed a decrease in their number also. Furthermore, fluorescent antibody studies with anti-FLV serum showed a parallel increase in the number of cells expressing virus antigen on the surface. Thus, these smooth-surfaced cells, especially those with blebs and knobs, could be virus-transformed cells, either those derived from hemopoietic precursor cells that infiltrated the spleen or transformed B-lymphocyte precursor cells implicated earlier as major target cells for FLV. Many of the cells seemed similar to those observed by deHarven et al. in vitro for a continuous cell line transformed by FLV (26) .
Alterations in the surface morphology of cells in the lymph nodes, which are considered a secondary site for FLV replication, progressed at a slower rate. No significant enlargement of lymph nodes or increased numbers of lymph node cells occurred until late in the disease. Furthermore, no significant change in surface lymphocyte configuration was noted until after week 1 following FLV infection. By the end of 2 weeks, some smooth cells with surface blebs became evident. These did not, however, occur in significant numbers until 25 to 35 days; even at this late date normal-appearing villous cells were still present, a situation which contrasted sharply with that in the spleen.
The bone marrow and thymus cell population showed little evidence of surface modifications as a result of FLV infection, at least early after virus infection. The normal bone marrow contained mostly large, smooth cells which, in many respects, resembled some normal cells present in the spleens of noninfected mice. Even though fluorescent staining showed that up to 30% of these cells were infected with FLV (i.e., positive for FLV-associated antigen) by week 4 after infection, SEM examination revealed only slight changes. Similar findings were obtained with the thymus; however, less than 10% of these cells stained with anti-FLV serum even late in the disease process. 
